The aim of this paper is to identify the correlations between energy consumption and the factors that control usage in the city of Tangshan. To do this, we first analyze the current status of Tangshan's economic development and energy consumption, and then applied the logarithmic mean Divisia index to identify the factors affecting the changes in energy consumption of all sectors. The findings are summarized as follows: (1) However, the energy intensity of Tangshan was far more than the average for China, and the decline in Tangshan's energy intensity was much slower than the average for China; (4) The technical effect plays a dominant role in decreasing energy consumption in most sectors, and the scale effect is the most important contributor to increasing energy consumption in all sectors. Input structural and final use structural effects play different roles in energy consumption in different sectors.
Introduction
Global warming negatively affects the sustainable development of both ecosystems and the global environment. As a result, conserving energy and reducing carbon emissions have become common global goals to combat climate change. The Chinese government has committed to reducing carbon emissions per unit gross domestic product (GDP) by 40%-45% by 2020 compared to the level in 2005. In the 21st Conference of Parties to the United Nations Framework Convention on Climate Change, the Chinese government further committed to reduce carbon dioxide emissions per unit GDP by 60%-65% compared to the 2005 level, with the peak carbon dioxide emission being reached by 2030. China distributed the emission reductions specifically to local governments during the 12th Five-Year Plans and will continue this policy during the 13th Five-Year Plans [1, 2] . In this context, an in-depth study of the trends in urban energy consumption and influencing factors will help achieve the overall goals of saving energy and reducing emissions.
The city of Tangshan, locating in Hebei Province, is a resource-based city that is rich in coal mines and has a prosperous iron-steel industry. Because of the prevalence of heavy industry, Tangshan has a consumption structure between sectors [42] . As a result, an increasing number of studies have used the SDA-LMDI model to analyze the forces driving changes in the economic system [43] , energy consumption and energy intensity [11] , and CO 2 emissions [44] . Building on these earlier studies and considering energy consumption as a variable that can be decomposed, this paper applies a new method that incorporates the advantages of both the LMDI and input-output approaches, enabling complete decomposition and explaining how energy consumption structure affects changes in energy consumption. Further, because studies that deal with energy consumption changes at the level of cities are relatively rare, we chose the city of Tangshan as a case study in order to develop a better understanding of environmental problems in the Beijing-Tianjin-Hebei region as well as the characteristics of energy consumption in China. The remainder of this article is organized as follows. Section 2 describes the LMDI method and the data used. Section 3 presents the trends in industrial structure and energy consumption in Tangshan city. Section 4 presents the effects of different factors on the changes in energy consumption in Tangshan city based on LMDI. Section 5 presents the conclusions and offers some policy implications.
Method and Data Preparation

Decomposition Method
In order to decompose energy consumption by sector, it is necessary to comprehensively calculate this variable. However, complete analysis of the energy consumption encapsulated within an industrial supply chain requires an appropriate method that considers the energy use in intermediate production processes by other industrial sectors that comprise the supply chain [45] . One appropriate method to capture energy consumption flows in the economy is the environmental input-output model (EIO), which is extended from the standard Leontief input-output model [46, 47] . This tool allows the calculation of direct energy consumption from a sector's final demand, as well as the indirect energy consumptions from other sectors within the same supply chain. The EIO model can be expressed as follows
In this expression, E denotes the embodied energy that results from final demand, while e is the row vector of direct energy consumption of unit total output, I is the unit matrix, A is the direct consumption coefficient matrix, C is the Leontief inverse matrix, and Y is the column vector of final demand. Thus, importing final demand structure into Equation (1) and adopting the competitive import hypothesis [48] , Equation (2) can be generated, as follows:
In this expression, s denotes the column vector of final demand structure, and y is final demand. We used the input-output model for the city of Tangshan to construct a decomposition method to analyze the factors that influence the embodied energy within this region. According to Ang's research [25] , the LMDI approach is preferable to other index composition methods. Ang [49] provided practical guide for the LMDI method, and Ang & Liu [50] proposed a technique for handling the zero values in the LMDI approach. Therefore, we carried out the decomposition analysis by combining the input-output model and the LMDI approach.
In order to apply the LMDI approach, Equation (2) can be rewritten as:
Clearly, over the course of one time period, changes in embodied energy or final demand carbon will result from a range of effects. As a result, different techniques, compositions, and scale effects were first used to measure the effects of trade on the environment [51] , as widely applied in the sectors of trade and environment [52] . Thus, building on previous research, we also define technique effect as the impact of sectoral changes on direct energy intensity, while holding all other variables constant. The structural effect includes not just input but also final use structural effects, again if all other variables are held constant. Input structure corresponds to production structure, while final use structure represents consumption structure, reflecting structural changes between supply and demand, respectively. Finally, scale effect measures changes in energy consumption generated by variation in the total amount of final use if all other variables are held constant. On this basis, it is possible to generate one general form for all four effects as well as formulas for their calculation.
Given that ∆ denotes the changes in each variable, and superscript T represents the transpose of a vector, changes in E between the time points t 0 and t 1 can be decomposed using Equation (2) as follows:
According to Equation (4), and following Ang [48] and Ang & Liu [49] , the components of Equation (3) can be expressed as follows:
The terms f (∆e T ), f (∆C), f (∆s) and f (∆y) represent variation in technique, input structural, final use structural, and scale effects in the embodied energy of Tangshan final demand during the period from t 0 to t 1 , respectively. Thus applying Equations (3)- (13), we calculated and analyzed variations in energy consumption in Tangshan resulting from these four factors.
Data Preparation
We used the 2007 and 2012 input-output table for Tangshan city from Hebei Provincial Bureau of Statistics [53, 54] . We merged the original 42 sectors (Table A1) Wearing apparel, dressing and dyeing of fur s8 S9
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Tangshan's Industrial Structure and Energy Consumption Status
Tangshan's Economic Status
The city of Tangshan, which is located in the eastern part of Hebei Province, is one of China's most important sites of iron and steel production ( Figure 1 ). For example, in 2012, the crude steel production of this region was 81.07 million tons, 11.3% of total Chinese production, and 5.2% of world production. Steel production in this city has grown 9.64% annually since 2007, while the total GDP of Tangshan in 2012 was 586.16 billion Yuan, 1.1% of total Chinese GDP. The annual increase in the GDP of Tangshan is 13.01%, 0.75% higher than the national average. Available data shows that this city has a high GDP growth rate, alongside large-scale heavy industrial activity.
Data shows that the proportion of secondary industry within the city of Tangshan rose from 57.4% in 2007 to 59.3% in 2012 (Figure 2 ), while over the same period, this proportion within Hebei Province and across China generally slightly decreased (from 53.3% to 52.7% and from 47.3% to 45.3%, respectively). This trend shows that the economy of the city of Tangshan is highly reliant on secondary industry.
Energy consumption in Tangshan is still growing rapidly. Energy consumption nearly doubled from 60. 
Trend of Tangshan's Energy Consumption.
Data also show that the energy intensity of Tangshan is higher than the average for Hebei Province, and much higher than the national average ( Figure 4 ). In 2005, for example, the energy intensity of the city of Tangshan was 3.00 tce per 1000 Yuan, 1.5 times the average for Hebei Province, and more than twice the national average. Similarly, in 2013, the energy intensity of this city was 1.85 tce per 1000 Yuan, translating to an average annual decrease of 5.9% since 2005. At the same time, the average in 2013 for the whole of China was 0.64 tce per 1000 Yuan, which translates to an average annual decrease of 9.3%, much higher than that of the city of Tangshan. The average energy intensity for this city was three times the national average in 2013; the reasons underlying this are likely slow adjustments in the industrial structure of this region as well as the high proportion of heavy industry. 
Trend of Tangshan's Energy Consumption
Data also show that the energy intensity of Tangshan is higher than the average for Hebei Province, and much higher than the national average (Figure 4) . In 2005, for example, the energy intensity of the city of Tangshan was 3.00 tce per 10 thousand Yuan, 1.5 times the average for Hebei Province, and more than twice the national average. Similarly, in 2013, the energy intensity of this city was 1.85 tce per 10 thousand Yuan, translating to an average annual decrease of 5.9% since 2005. At the same time, the average in 2013 for the whole of China was 0.64 tce per 10 thousand Yuan, which translates to an average annual decrease of 9.3%, much higher than that of the city of Tangshan. The average energy intensity for this city was three times the national average in 2013; the reasons underlying this are likely slow adjustments in the industrial structure of this region as well as the high proportion of heavy industry. 
Results
Decomposition results for energy consumption in the city of Tangshan between 2007 and 2012 are  listed in Tables 2 and 3. Total energy consumption increased from 2007 to 2012 in most sectors, except for water production and supply (S24), coal mining and allied production (S2), food and tobacco (S6), oil and gas products (S3), paper printing and stationery (S10), and electricity and heat production and supply (S22). Among the sectors, electricity and heat production and supply (S22) had the largest reduction in energy consumption (237,211 tce), followed by paper printing and stationery (S10), oil and gas mining (S3), and tobacco, food, and beverage industries (S6), as well as the coal mining and allied products industry (S2). The energy consumption in all other sectors increased from 2007 to 2012. The metal productions fabrication industry (S15) had the largest increase (3,087,521 tce), followed by construction (S25), metal smelting and rolling processing (S14), chemicals (S12), and special equipment manufacturing. In terms of reducing energy consumption, technical changes proved to be the most important factor. The three sectors with the largest reduction in energy consumption attributable to technical change were metal smelting (1,529,898 tce), non-metallic minerals (343,478 tce), and construction (322,179 tce). Input structural effects led to increases in energy consumption in most sectors. Metal smelting and rolling processing (S14), construction (S25), and chemicals (S12) were the three sectors with the largest increase in energy consumption caused by structural change, mainly because of increased production in these industries. The demand for intermediate inputs also increased, resulting in increased demand for intermediate energy consumption. Finally, final use scale effects also increased energy consumption in all sectors; the largest such increases were seen in the metal smelting and construction industries (S14) as this sector experienced the greatest production growth. Data show that in terms of sectors that experienced an increase in energy consumption between 2007 and 2012, transport equipment (S17) exhibited the largest increase, by more than 200%, compared to other industrial activities (S21), manufacture of fabricated metal products (S15), electrical machinery and apparatus (S18), and the mining of nonmetal (S5). In terms of how each factor affected changes in energy consumption relative to 2007, data also show that 24 of the 28 experienced negative technical changes, which means that the majority made technical improvements to reduce energy consumption. Other industrial activities (S21), manufacture of fabricated metal products (S15), paper and products for culture, education and sports (S10) had the greatest technical effect. As for input structural effect, 24 of 28 sectors had positive effect in increasing energy consumption, manufacture of fabricated metal products (S15), construction (S25), steam supply (S23), electrical machinery and apparatus (S18), and textile (S7), which all had an over 50% energy consumption increase. In term of final use structural effect, about half of the sectors had a positive effect in increasing energy consumption. The other industrial activities (S21), manufacture of fabricated metal products (S15), electrical machinery and apparatus (S18), mining of nonmetal (S5), and mining of metal (S4) had the most obvious final use structural effect in increasing energy consumption, while mining of oil and gas (S3), mining of coal (S2), paper and products for culture, education, and sports (S10), and other service activities (S28) had the most significant final use scale effect in decreasing energy consumption. All sectors had a positive final use scale effect in increasing energy consumption. Sectors like other industrial activities (S21), manufacture of fabricated metal products (S15), and electrical machinery and apparatus (S18) had an 100% increase in energy consumption, which was affected by final use scale effect.
A number of key sectors contribute to a larger proportion of energy consumption in the city of Tangshan, including metal smelting and rolling processing (S14) which accounted for 53.2% of energy consumption in 2007, and increased 10.6% between 2007 and 2012. Results show that the four factors tested here contributed to −12.6% (technical effects), 11.2% (input structural effects), −25.2% (final use structural effects), and 37.3% (final use scale effect) increases in consumption between 2007 and 2012.
Conclusions and Policy Implications
In order to identify the factors contributing to changes in energy consumption in the city of Tangshan, we first analyzed current economic development and industrial structure within this region and then considered energy consumption. We used previously developed methods to determine the nature of factors affecting changes in energy consumption within the city of Tangshan. The four main conclusions of this research are summarized below.
(1) From 2007 to 2012, the growth in GDP in the city of Tangshan was higher than the national average. Secondary industry output in Tangshan city accounts for an extremely high proportion of total GDP, much higher than the national average. This proportion translates into a rising trend, instead of a declining trend, in energy consumption during the studied period. 2012 were metal products, construction, and metal smelting and rolling processing. Among the factors contributing to changes in energy consumption, the technical effect was the most important in decreasing energy consumption in most sectors, while the scale effect was the most important contributor to increases in energy consumption in all sectors. In contrast, the input structural and final use structural effects played different roles in different sectors.
In terms of policy, one obvious dilemma associated with reducing the energy consumption of the city of Tangshan is the dominance of heavy industry. Because the mining of metals, fabrication of metal products, and construction contribute the most overall to increasing energy consumption, any reduction brought about by technical changes to these industries will hardly offset corresponding increases caused by intermediate structural inputs and end-user consumption effects. Thus, strategies to significantly reduce energy consumption in the short term include adjustments to industrial structures and the development of low-energy-intensity industries. It is clear that strategies need to be implemented in policy in order to practically engage in the rationalization of industrial structures and modes-of-production. Improvements are required to both administrative and economic policies.
Our analysis of the effects of scale and technical factors show that, in terms of administrative policies, improving and enhancing the control of energy consumption standards as well as transforming the mode of economic growth to technique-oriented should be clear priorities if industrial production in the city of Tangshan is to be successfully adjusted. To do this, the government needs to strictly control the emissions of newly-added industrial producers in order to curb continued expansion of high energy consumption and high emissions, while at the same time, in terms of dealing with existing high energy consumption industries, we suggest that several typical enterprises are selected that exhibit the most energy saving potential so that available administrative resources are most effectively utilized in cutting energy consumption and in setting industry standards. It is also necessary that the government makes significant efforts to improve industrial production and techniques for the treatment of pollutants through investment and by encouraging research and development. Technical departments across all sectors would then be encouraged to try to solve these problems at their source. In addition, techniques involving administrative innovation also play equally important roles in steering reductions in energy consumption.
It is not sufficient or appropriate to simply rely on administrative means to reduce energy consumption as the market presently plays a much enhanced role. Thus, coordinating with administrative powers, the government of the city of Tangshan must adjust the local fiscal and taxation system and implement a number of other financial measures to directly lead and shape the development of industries. For example, the city government could levy high taxation on products from very heavily polluting and high energy consuming industries, while at the same time lowering taxation on enterprises that implement energy-conserving and emission-reducing production measures. In addition, the government could also waive administrative examination and approval fees for companies that replace traditional energy sources with renewable ones. The use of a range of different kinds of economic stimuli can move entire industries in the direction of energy conservation. Table A1 . Sectors of input-output table.
Original Sectors of Input-Output Table  Description   s1  Agriculture  s2 Mining of coal s3
Mining of oil and gas s4
Mining of metal s5
Mining of nonmetal s6
Tobacco , food and beverage  s7  Textile  s8 Wearing apparel, dressing and dyeing of fur s9
Wood and products of wood s10
Paper and products for culture, education and sports s11
Refined petroleum products, coking products and nuclear fuel products s12
Chemicals and chemical products s13
Nonmetallic mineral products s14
Metal smelting and rolling processing s15
Manufacture of fabricated metal products s16
Common and special equipment s17
Transport equipment s18
Electrical machinery and apparatus s19
Communications, computer and other electronic equipment and apparatuses s20
Instruments, meters, cultural and office machinery s21
Other manufacturing products s22
Scrap and waste s23
Production and distribution of electricity and heat s24
Steam supply s25
Water supply s26 Construction Table A1 . Cont. Table  Description   s27  Transport and warehousing  s28  Post  s29  Information communication, computer service and software  s30  Wholesale and retail trade  s31 Accommodation, eating and drinking places s32
Original Sectors of Input-Output
Finance and insurance s33
Real estate s34
Renting and commercial service s35 Tourism s36
Scientific research s37
General technical services 38
Other social services 39 Education s40
Health service, social guarantee and social welfare s41
Culture, sports and amusements s42
Public management and social administration
